The growth rate was reduced significantly (P < 0.05) by concentrations of 4. 8, and 16 !Jog/g. The mouth fluid of the affected birds contained greatly increased numbers of bacteria, including Staphylococcus epidermidis and Escherichia coli, which proved avirulent when inoculated into scarified tissue of control birds. Microscopy examinations of the lesions revealed a fibrinous surface layer, intermediate layers containing invaginations filled with rods and cocci, and a heavy infiltration of the underlying tissues with granular leukocytes. These data suggest that the role of fusariotoxin T-2 in field cases of moldy corn toxicosis should be reinvestigated since oral lesions were not mentioned in the original descriptions of the disease. However. the lesions bear some features of those characteristic of the third or septic angina stage of alimentary toxic aleukia, a nutritional toxicosis of humans produced by eating grains infested with F. tricinctum.
MATERIALS AND METHODS
decades (16); it was considered to be caused by overwintered grain made toxic as the result of infestation with F. sporotrichoides (17). This mold is now considered to be synonomous with F. tricinctum (23) . However, the cause of ATA has not been assigned to a specific chemical entity. In an attempt to gain information about fusariotoxin T -2 and its possible role in moldv com toxicosis (9) and in ATA, its effects'in chickens were investigated. The present communication describes the oral lesions in chickens caused by graded doses of dietary fusariotoxin T -2.
Fusariotoxin T-2. F. tncinctum NRRL 3299 was grown on white corn grits (7), The toxin was ex, tracted and purified by the method of Burmeister (7) to give a crystalline product melting at 150 to 152 C.
Animal husbandry. One-day-old male broiler chickens were obtained commercially and were housed in electrically heated batteries which were provided with constant lighting. Feed and water were available ad libitum. The feed consisted of a commercial broiler-starter diet free of all medica-251 Fusariotoxin T -2 is a mycotoxin produced by Fusarium tricmctum (Corda) Snvder and Hansen, strain T-2. It has been id~ntified as 4, 15-diacetoxy-8-( 3-methylbutyryloxy)-12, 13-epoxy-~9-trichothecen-3-o1 (1), and, like most 12, 13 epoxy-~9-trichothecen compounds, it is a potent skin irritant and inflammatory agent fl5). In trout. dietary fusariotoxin T -2 causes a rapid sloughing of the intestinal mucosa (15). Rats fed T -2 toxin develop a severe inflammation around the nose and mouth; topical application results in necrosis of the dermal tissues fl5)' Fusariotoxin T-2 was isolated as the result of an investigation into moldy com toxicosis of farm animals (I, 10) but one of its more interesting features is its possible role in alimentary toxic aleukia (ATA; reference 16). ATA was a major health problem in Russia for about two tions. Fusariotoxicosis was induced bv incorDorating into small portions of the diet kno~n am;unts o'f crystalline T·:2 toxin dissolved in 50"', Iv/vi aqueous ethanol. The portions of feed containing T·:2 toxin were dried at 100 C to evaporate the ethan01 before being mixed thoroughly into the remainder of the feed. The experimental diets were fed from hatching until :) weeks of each replicate were measured so that the effect of T·:2 toxin on the feed conversion efficiency could be calculated'. ciency could be calculated.
Experimental design. There were four replicates of 10 birds at each dose level. The dose levels were O. The treatments and birds were completely randomized. The replicate means were evaluated statisti· cally by analysis of variance. and the treatment means were compared by the method of least significant differences (6l.
Microbiological flora of the mouth. The microbiological flora of the mouths of the birds were determined by swabbing the mouth anterior to the larynx with cotton swabs calibrated to absorb 0.1 = 0.01 ml (mean = standard error of the mean) of mouth fluid. The swabs were placed in a container of sterile saline solution 10.85%). and the total bacterial count of the mouth fluid was determined by using the pour plate technique with Brain Heart Infusion Agar (Difcol. The swabs from each treatment were pooled. Staphylococci were isolated with Staphylococcus no. 110 medium (Difco) and coliforms were isolated with Violet Red Bile Agar (Difco). The agar plates were incubated for 72 hr at 37 C before the colonies were counted. Fungi were isolated from the mouth by streaking mouth swabs on Sabouraud Dextrose Agar (Difcol containing 40 p.g of chloramphenicol per ml. The fungi were identified according to Raper and Fennell (21) and Beneke and Rogers (5l. Mouth swabs were also streaked on Pagano-Levin medium (Difco) to test for the presence of Candida albicans.
Staphylococcal isolates. Representative isolates varying in colonial morphology were selected and grown in Brain Heart Infusion (Difco) for 18 hr at 37 C before being tested for coagulase activity in reconstituted rabbit plasma (Difcol. Fermentation of mannitol was determined on Mannitol Salt Agar (Difco) under both aerobic and anaerobic conditions by incubating the isolates for 48 hr at 37 C. Deoxyribonuclease activity was studied on DNase Test Medium (Difco). After incubation for 24 hr at 37 C. the plates were flooded with 0.1 N HC! and were inspected visually for the amount of deoxyribonucleic acid hydrolysis. The presence of hemolysins was tested on blood-agar plates prepared from fresh human. sheep. and chicken blood. The plates were incubated for 72 hr at 37 C before examining for clear zones around isolated colonies.
Lesion size. The size of the oral lesions caused by ingestion of dietary fusariotoxin T-2 was determined gravimetrically. The raised lesions. which were yellowish-white in color. were teased from the mouth parts with the aid of surgical forceps. The pathological material from all birds in a replicate were placed in tared weighing pans and dried in a forced·draft oven for 1:2 hr at 80 C. After cooling. the pans and their contents \,,'ere weighed on a semi microbalance. and the weights were recorded as milligrams of dry weight per bird.
Lesions for microscopic examination. Mouth parts of affected birds containing lesions were tixed immediately in 11)'j. neutral buffered Formalin for:24 hr. After embedding in paraffin. 6-p.m sections were stained with hematoxylin and eosin.
Microbiological examination of blood and visceral organs. Before necropsy. a blood sample was obtained aseptically by cardiac puncture. and a l-ml sample was added to 10 ml of Trypticase Soy Broth (Difco). Another sample was streaked on Blood Agar Base (Difco) containing sterile sheep blood.
At necropsy. exposed portions of the liver and spleen were seared with a hot spatula. A sterile loop was inserted into each organ through the seared area. and the material removed was streaked on sheep blood.agar plates. The inoculated medium was incu· bated at 37 C for 7 days and examined for bacterial and fungal growth.
RESULTS
The effect of fusariotoxin T-] on the growth rate of broiler chickens is shown in Fig. 1 . The growth rate was inhibited significantly 1P < 0.05) by doses of 4 p.g/g and above. and the degree of inhibition was dose· related. The efficiencies of conversion of feed to increased body weight for this experiment were calculated. and the T -;2 toxin had no effect at even the high dose levels that inhibited growth. The oral lesions characteristic of T -2 toxicosis first appeared when the chickens were about 1 week old. The lesions appeared first on the hard palate and along the margin of the tongue. The raised lesions were' yellowishwhite in color and caseous in texture. By 2 weeks. the lesions increased in size and invaded the lingual papillae at the root of the tongue. The lesions also occurred on the underside of the tongue and on the inside of the lower beak lateral to the midline. At 3 weeks. the size of the lesions increased to the extent that some birds on the higher dose levels of toxin were unable to close their mouth completely. Figure 2 shows a typical severe case. The inside of the lower beak of a bird that received only 4 !lg of fusariotoxin T-2/g.is shown in Fig. : 3. The lesions here are restricted mainly to V-shaped streaks. which occurred on both the upper and lower beaks. T -2 toxin at a dose of 1 !lg/g produced only isolated lesions on the hard palate and along the margin of the tongue.
During early stages of lesion formation. lesions could not be removed from the underlying tissue without producing hemorrhage. At the end of the 3-week experimental period. the lesions could be removed with little hemorrhaging. In Fig. 4 . the lesion size at 3 weeks of age is plotted as a function of dietary levels of fusariotoxin T-2. There was essentially a linear increase in lesion size with increasing toxin concentration. Lesions occurred without exception in all birds receiving T -2 toxin. Wben the experiment was terminated. sections of the lesions were taken for histopathological analysis. A photomicrograph of a stained thin section from a lesion is presented in Fig. 5 . The overall picture was that of an intense int1ammatory response coupled with localized necrosis. The outer layers of the lesion consisted of sloughing fibrinous material while the underlying tissue was heavily infiltrated with granular leukocytes. At varying intervals in the intermediary tissues, small eroded areas were seen which contained large numbers of bacteria. Both rods and cocci were evident.
The total viable bacterial count of the mouth t1uid is shown in Fig. 6 related to dietary fusariotoxin T-2 concentration. The total count was increased by the higher T-2 toxin levels approximately 20-fold over the control value. Represen tative colonies from the plates used for the isolation of staphylococci and coliforms were isolated and identified. Staphylococcus epidermidis and Escherichia coli predominated among the organisms in the mouth fluid of both control and experimental birds. Randomly selected :strains of S. epidermidis. which were isolated from experimental birds and which varied in colonial characteristics. were negative for deoxyribonuclease, coagulase, and hemolysins, and did not produce acid from mannitol under aerobic or anaerobic culture conditions. Isolates of S. epidermidis and E. coli proved to be avirulent when inoculated individually or in combination into scarified mouth parts of control birds. S. aureus was not isolated from any of the animals. No bacteria or fungi could be isolated from the liver, spleen, or blood.
A fungus identified as Fusarium moniliforme was isolated consistently from the mouths of about half of the affected birds. but it occurred with the same frequency in control birds. Aspergillus fumigatus, A. flavus, A. candidus. A. versicolor, Cephalosporium sp.. Alternaria sp.. and Penicillium sp. also were' isolated. but. when they occurred. it was in less than 50/( of both the control and experimental birds. C. albicans could not be isolated from any of the birds.
DISCUSSION
The primary effect of fusariotoxin T -2 in chickens appeared to be an inflammatory reo sponse in the mouth. The initial int1ammation progressed to a necrotic lesion. which was invaded by normal microbial t1ora. The lesions became so severe that the birds could eat only :255 with difficulty. This condition apparently impaired the growth rate without affecting feed-conversion efficiencies. in contrast to the effect of anatoxin on conversion efficiencies (:22l. Evidently T -2 toxin does not affect the chicken in the same manner as aflatoxin. which interferes with protein synthesis by inhi biting ribonucleic acid polymerase (20) . These data agree with a previous report (19) that feed inoculated with Fusarium strains produces a yellowish-white fibrinous deposit in the mouths of goslings which can be removed easily.
The microbial flora of the mouths of chickens with lesions produced by dietary fusariotoxin T-2 appeared to be secondary invaders not actively participating with the highly irritating toxin. The bacteria isolated from mouth swabs of experimental birds were found also in control birds. although in lesser numbers. The predominant bacteria were E. coli and S. epidermidis. The strains of S. epidermidis examined were negative for deoxyribonuclease. coa.gulase. and hemolysins. These factors are often associated with virulence of staphylococci (111. S. aureus. which often contains these factors and which is a virulent organism. was not isolated. The localization of the bacteria near the surfaces and detritus of the lesions as seen in the tissue sections suggests a secondary role for the bacteria associated with T-2 toxicosis. Failure to isolate microorganisms from the blood and internal organs of the affected birds also suggests a secondary role for the increased numbers of microorganisms in the mouth. Localized infections of chickens with enterobacteria usually result in a septicemia and infiltration of internal organs with these organisms (.J. R. Harris. personal communication). In addition, the oral lesions seen in humans aff1icted with ATA contain large numbers of avirulent cocci and rods (16), F. moniliforme was isolated from the mouth nuid of about half of the experimental birds; several other fungi were isolated from less than 5% of the birds. Their incidence in control birds was identical. All these fungi have been reported as common contaminants of cereal grains (14) which composed the bulk of the diet in these experiments. Consequently. these fungi would appear to be adventitious and not even secondary invaders. In this regard. the failure to isolate C. albicans from the oral lesions is important since this microorganism reportedly causes oral lesions in chickens (4) .
The role of fusariotoxin T-2 in moldy corn toxicosis of animals IS uncertain. although the toxin was isolated as the result of an investigation of the disease i 1. 10l. :'-lone of the original descriptions of the disease (9. 10) mention the occurrence of oral lesions that appear to be characteristic after ingestion of dietary T-:2 toxin. However. PalYllsik. Szep. and Szoke 115) reported that feed inoculated with Fusarium strains produces fibrinous lesions in the mouths of goslings. Also. necrotic lesions have been noted in the angles of the mouths of some turkey poults dying from eating corn invaded by F. tricinctum (8) . Perhaps this confusion results from the failure of all investigators to examine' the mouths of animals during necropsy. Additional field cases in which the mouth is examined may resolve this point. The present status of ATA. as it is denominated by the Soviet government. is uncertain despite its being a major health problem in Russia for almost two decades (16), Confusion surrounding this disease is renected in the listing by Mayer (16) of 14 synonyms for the disease. Mayer preferred endemic panmyelotoxicosis as the name. but Joffe (13) . who was involved in some of the original research. preferred septic anginCl. :'-levertheless. it is generally accepted that this disease is caused by ingestion of grain infected with F. sporotrichoides. now considered to be synonomous with F. tricinctum (23) , The disease is thought by clinicians to develop in four stages. although these admittedly are more or less subjective and artificial divisions of the disease development. A few hours after eating toxic grain. victims experience a sensation of generalized burning of the upper gastrointestinal tract. and this symptom progresses to a mild inflammation. The second stage is usually symptomless except for destructive changes in the bone marrow. The third stage is initiated by the sudden appearance of hemorrhagic areas of the skin and is characterized by all features of typical total atrophy of the bone marrow (panmyelophthisis). including necrotic lesions of the mouth and throat (septic anginal. Survivors enter the stage of reconvalescence (16). The toxic principle(s) responsible for the disease does not appear to have been isolated, although several claims have been made (17).
The best claim appears to be that of Olifson who. according to Mayer (17), isolated four substances which were identified only tentatively and which were not submitted to definitive toxicological evaluations. Joffe (14) gave the structures of three of the substances. One was reported to be a steroidal unsaturated 0 lactone remIniSCent of the cardiac-active steroids. As noted bv Bamburg et al. (3) , these compounds act specifically -on heart muscle and not as skin irritants or on the bone marrow. The other two toxins were reported to be long-chain. unsa tur:ited thiocarboxv lic acids, and these compounds as a class have low toxicity (:3).
In the United States. F. tricinctum was implicated in moldy corn toxicosis of farm animals (9. 10); two toxic compounds, diacetoxyscirpenol and the closely related T-2 toxin, were isolated (1) by using as a bioassay the rabbit skin test prescribed in ATA (17). As might be expected, T -2 toxin is a potent skin irritant in rabbits. rats. and mice. Toxicological evaluations have concentrated on T-2 toxin with consequential neglect of diacetoxyscirpenol and many other chemically related toxic compounds isolated from related fungi (1. 2, 18). Data from our study show that dietary T -2 toxin produces dose-related oral lesions in chickens.
Several features suggest that fusariotoxin T-2 causes or is involved in ATA. T-2 toxin caused a severe inflammation and dermatitis (1) in laboratory workers who accidentally contacted it. A similar occupational hazard to the Russian investigators of ATA was reported (17). T-2 toxin was isolated (1) bv using as a bioassay the official test (17) to detect grains causing ATA. Dietary T -2 toxin in rats caused an inflammation about the mouth and nose (15). and a similar inflammation was observed in victims during the first stage of ATA (16). In chickens. the dose-related oral lesions caused by T -2 toxin appear similar to those occurring during the third or necrotic angina stage of ATA (16). When topically applied, T-2 toxin caused intradermal hemorrhages, edema. and empurpling in rats (15) similar to the hemorrhagic spots and diathesis of the third stage of ATA. The main piece of evidence missing from the correlation of T -2 toxicosis with ATA is the devastation of the bone marrow and its hematological sequelae, which are characteristic of ATA but which have not been reported with T -2 toxin. This difference may be the result of neglect or the failure to use the proper experimental animal. The Russian investigators reported a similar failure to elicit typical changes of ATA in the hematopoietic system of most animals fed toxic grain. and they found that the cat was the preferred experimental animal for these changes (13, 17) .
Since F. tricinctum strain T-2 from which T -2 toxin was isolated produces at least three toxins 1.2) and since many toxins are produced by the genus Fusarium (3). it must be considered that typical ATA is the result of several toxins acting in concert. An attraction of this hypothesis is that .variations in the relative levels of the different toxins might be expected to result in variations of the symptoms. It is intriguing that. although 92% of all cases of ATA displayed the inflammatory response of the upper gastrointestinal tract typical of the first stage of ATA. there are at least four clinical varieties of the third stage of ATA, and only 44S"'c of all cases displayed the necrotichemorrhagic response considered typical of the third stage (16). It is interesting that solanio!, a toxic metabolite of F. solani chemically related to T -2. produces extensive cellular degeneration and karyorrhexis of the bone marrow of mice (12) , as do three similar toxins produced by F. niuale (3). It would seem worthwhile to investigate for interactions with others toxins produced by F. tricinctum and to look specifically for the effects of T -2 toxin on the hematopoietic system. Then. perhaps the responsibility for ATA can be assigned to specific chemical entities and additional insights can be gained into the hazards to public and animal health posed by mycotoxins.
